Abstract -A theatre production of a play illustrating the functionality, social and ethical aspects of robots helping with aspects of elderly care was presented at a residential care home. The audience consisted of mainly elderly residents and carers. The residents suffered from various physical and mental disabilities which impaired their ability to provide responses through standard questionnaires. Therefore, additional structured interviews were used to gain insight into their views on the theatre scenario. Both carers and residents were generally positive towards the idea of using robots to help with care. Residents in particular stressed the desire for care robots to also provide social interaction and entertainment.
I. INTRODUCTION
In developed countries birthrates have fallen and along with improvements in healthcare, people are living longer. This is changing the demographic make-up of these countries, and it is very likely that in the near future, a relatively large proportion of the population will consist of elderly people. These trends are also becoming apparent even in less developed countries as global living standards rise. Therefore, it is likely that in the future there will be a large numbers of elderly people who will eventually require increasing amounts of care, and falling numbers of younger workers available (or willing!) to provide this care. One possible way to address the problem is to use robotic and automation technology to take over at least some aspects of the care of elderly people (e.g. [1] ). Current robot technology has limited capabilities and current robots cannot provide the same level of care as a human carer, so it will be unlikely that robots will replace humans completely in this role in the foreseeable future. Technically there are still many challenges to be overcome, but some task areas have been identified where robots might usefully be employed using current robotic technology. Broekens et al. [2] in their 2009 review of assistive robots for elder-care found that currently, robots are being developed and tested for potential assistive elder care applications mainly in the areas of service, rehabilitation and social uses (e.g. [3] ).
It is to be expected that elderly people themselves might show resistance to having robot care imposed on them. However, if a robot can provide some simple assistance that might make the difference between an elderly person being able to stay in their own homes rather than having to go into care, the choice of having an assistive robot in their home may be attractive. In order to assess potential users views, it is usual to conduct questionnaire-based surveys (e.g. Scopelliti et al. [4] & Dautenhahn et al. [5] ). Surveys of potential elderly users of robotic have often indicated that elderly people themselves are often ambiguous towards the use of robots for care applications [6] . However, this is not surprising as most people have little or no direct experience of robotic technology. It is therefore difficult for potential (elderly) users even to visualise or gain any sort of realistic impression of how robots may actually provide care for elderly people.
Live Human-Robot Interaction (HRI) user studies provide an immersive experience of interacting with a robot, but those involving medium or human-scaled mobile robots, are usually time consuming and typically involve significant resources [7] [8] [9] . Because of practical limitations, participant numbers are typically relatively low, normally less than 20 and very few studies involve more than 50 users. To perform HRI studies with larger numbers of participants, Video-based HRI (VHRI) methods have been used as a useful means to obtain early user feedback [10] [11] [12] . However, video-based experiments, although providing a useful impression of how robots may interact and function with users, cannot replace live experiments [13] . In order to combine a live HRI experience within a more efficient experimental group setting, inspiration has been taken from the field of Human-Computer Interaction (HCI) where theatre has been used to gain feedback from potential user audiences [14] . The Theatre-based HRI (THRI) methodology is based on similar uses of theatre in HCI user studies, pioneered by Alan Newell [15] . Forum style group discussions are commonly held after a theatre presentation, with the actors in attendance to help facilitate open and free communication of thoughts and opinions. Robots have been used successfully in theatre presentations [16] [17] [18] [19] , and previously we have shown that similar theatre-based experimental methods applied to HRI have proved effective in gauging audiences' opinions regarding robots early in the design development process [20] [21] . Findings can also guide the development of future live HRI trials for more comprehensive users studies. Using an actor in the role of a robot owner throughout the trial and subsequent discussions can also overcome possible influences on participants due to having the robots' creators present.
A. Theatre-based Human-Robot Interaction Full-Scale User Studies
Previously, three THRI studies have been performed: The first was a pilot study [20] and the following two were full scale studies carried out at two schools in November and December 2010 [21] . These THRI presentations were designed taking account of the projected technological development of companion robots as well as for facilitating engagement with an audience of school students. At the end of the play the audiences were involved in discussions regarding issues such as acceptability of the scenario and the intra-household disclosure of information by the robot. Findings suggest that this methodology was effective in eliciting discussion with the audience and that problems related to intra-household disclosure of information were best resolved by clear-cut solutions tied to ownership and clear principles. The current paper presents the latest version of the THRI study, with the main difference from previous THRI studies being that the target audience was drawn from both residents and carers from a local elderly care home.
II. DEVELOPMENT OF THE THRI STUDY
The differences between the use of theatre in HCI studies and our use for HRI studies are primarily due to the artefacts involved (i.e. the robots, the subject of the experimental investigation) actually being used as actors [22] . In HCI studies, the scripts for the theatre enactment take account of the display limitations of a computer system. This is similar to actors in a typical theatre production working alongside any prop or particular stage device such as lighting and scenery. The scripts for the THRI studies need to be detailed enough so that the actor is able to work within the limitations of the robots. The theatre audience should become absorbed by the demonstration and be comfortably guided through post-enactment discussions by a neutral actor as the main go between for the audience and the design team [14] . In HCI, method actors can also improvise to the situation as required [12] , though this is not something that can easily be achieved with pre-scripted robots.
The methods for using theatre in both HCI and HRI work well on two levels; one is the discussion aspect through the actor, the other is through the revision of scenarios and the working through of ideas actually during the discussion. In THRI it is not presently technically possible to have instant revisions, but it is possible for the actor to hold a thought-process demonstration with the audience. Therefore, the THRI methodology provides freedom of creation to scenario and robot designers, but simultaneously facilitates early feedback from target user groups.
A. Scenario Development
Scenarios are stories created about the users and their interactions with artefacts in a specific context (see, for example, Carroll [23] [24] ). Scenario based methods were initially conceived as an aid for designers of such technologies, as they allow for the exploration and focus of issues which otherwise may not have been available to the designers [24] . They also allow the researcher a greater ability to convey some of the salient issues to the prospective user in a way which pure descriptions of the technology may not. As Carroll [24] points out, this becomes a way "to anchor design discussion" with other stakeholders in the design process.
Scenarios can be instantiated in a variety of forms: written stories -with or without suggestive illustrations, animations, video or dramatizations. In HRI, the use of video-based instantiations of scenarios have been used extensively in user-studies. Some of these studies have focused on studies of particular issues like responses to specific robot appearances [25] , spatial behaviour [26] , as well as interaction styles [27] [28] [29] . It has also been used for more general explorations of user requirements and reasoning about the use of a robot within domestic settings (cf. Koay et al. [30] [31]). In these examples, researchers had the opportunity to elicit feedback on specific proposed technologies as well as being able to explore more general issues raised by these technologies before committing to specific modalities for more resource intensive long-term studies.
1) Characters
For the play, two actors were hired, one played the grandfather "David" -an elderly man who has recently bought the Robotic Home Companion and has learned how to use it, while the other actor plays David's grandson, who is coming to visit David and has not seen the Robotic Home Companion before. The inclusion of both elderly (David) and a younger character (his Grandson) allows both younger and older audience members to have a greater chance for mutual identification with the characters in the play. The narrative of the play demonstrated the Robotic Home Companion's functionality in providing physical assistance and cognitive prosthesis. Peoples views of the concept of agent migration was a novel aspect investigated by this study. The user (David) did not have to deal with multiple robot interfaces, but could deal with essentially the same robot "personality" (i.e. interface, user preferences and shared history etc.) on several robotic platforms (embodiments). Migration was therefore presented as necessary to accomplish different tasks. The Robot Home Companion was semi-remotely controlled with various pre-scripted sequences and mainly resided in the Sunflower embodiment, apart from two short scenes where it migrated to the AIBO embodiment to establish a socially mediated game between two remote users [32] .
Sunflower Embodiment: The Sunflower robot used in this study was designed and built at the University of Hertfordshire as a research platform for the study of Robotic Home Companions. Consisting of a Pioneer P3-DX mobile base [33] it has a minimally expressive head with a static face, diffuse colour LED display panels and a slide out carrying tray with an integrated touch screen user interface to facilitate user interaction. The robot can navigate freely, express internal states (i.e. happy, sad, alert) and also attract users' attention using body and head motions, sound tunes and the colour LED display panels (see Figure 1) . The Aibo Embodiment: Also used in the play was the commercially available AIBO ERS7 developed by Sony [34] . It has a pet-like appearance and behaviour. In the play, the user interacted with the AIBO by moving a pink ball in front of its visual field, and the user could also interact with the AIBO by touching its paws or stroking its body or head (similar to how a person might interact with a pet).
2) Rehearsal
Prior to the play, the actors and the robot controller spent more than 6 hours over 3 different days to rehearse the play. During the introduction session, the actors were informed about the aims of the play, the purpose of the robot in the play, and the functionalities of the robot. They were shown how the Robotic Home Companion provided assistance for the owner and his grandson in various scenes and how to interact with the robot in the various scenes of the play. The actors were also shown the robot behaviours that would be used by the Robotic Home Companion during the play to attract users' attention, or to provide feedback with the robot's expressions ("happy", "alert", and sad). This was to familiarise the actors with the robot behaviours they encountered during the play. The actors then rehearsed the whole play together, with the robot home companion being controlled by the researcher, focusing on the script and the interaction timings between the users and the robotic companion's actions.
3) The Theatre Scenario's Narrative The theatre scenario for this study focused on the use of a Robotic Home Companion in a household environment to support the owner with cognitive prosthesis (i.e. providing reminders or notifications) and physical assistance (i.e. fetch and carry). Depending on the task, the Robotic Home Companion can migrate its personality and memory to a suitable robotic embodiment in order to complete the task [35] . The concept for migrating the Robotic Home Companion's personality and memory between different robotic embodiments was to provide a consistent user interface to the user. The THRI scenario aims to investigate from the stakeholders perspectives how these technological functionalities may impact them regarding both technological (i.e. usage and interaction) and psychological (i.e. moral and ethical) aspects of the robotic home companion assisting and supporting them at their home.
The
about the party, and ruin the surprise, or should it withhold the information?
The play attempted to highlight issues regarding the ownership of a companion, how the companion impacts the particular tasks it is intended to help with, and also its role in the relationship between the members of the household. The play also raised specific key issues related to the companion's ability to retain information to better assist the users as well as the disclosure of information between household members. This was to elicit responses and discussion from participants through exposing the audience to various use cases of a robotic home companion.
4) Procedure
Unlike the previous THRI studies, which were played to audiences of University students or school children, this final THRI study was played to an audience of predominantly elderly people who were residents in a local care home. The play was performed in the communal dining area of the care-home, which was a familiar area to all 50 or so members of the audience. The area was cleared of dining tables, and seats were laid out in rows, with spaces made for those audience members in wheelchairs. The play was presented at one end of the area, with the audience on the same level as the actors. After the play, short questionnaires were distributed to the audience. The carers present assisted some residents to fill in the questionnaires, but the post presentation discussion was very limited because of the various disabilities of the residents.
III. RESULTS
This final study raised several issues regarding the experimental procedure and data collection compared to the previous school-based studies. Most residents of the care home were there either because they were physically or mentally impaired. It was found to be a problem using questionnaires as an instrument for the study as residents tended to either have physical difficulties (e.g. poor eyesight, arthritis in hands/fingers, etc.) or some form of mental impairment (dementia etc.) which made it very difficult for them to answer the questionnaires without a great deal of help. Approximately 14 (including 6 members of care staff present) were able to answer some or all of the questions. The final sample consisted of 6 (2 male, 4 female, Age range 18-55. Median age 27) carers working in the care home and 8 residents (7 female, 1 male). This represented a minority of the total watching audience, many of whom were unable to respond to the questionnaire due to physical and/or cognitive impairments. In addition, most of the respondents only answered the closed questions, and did not respond to the open-ended questions (including age). Of the 8 residents, only 3 gave their age, which ranged from 66 to 86, with a median age of 79. The residents of the care home were all in need of residential care, and as such represented a heterogeneous sample in terms of medical conditions. In the light of both physical and mental difficulties experienced by the elderly residents in completing the questionnaires, it was decided to return to the care home and perform one to one interviews to allow a selection of the the residents to provide more comprehensive answers with no time constraints. The next sub-section provides a quantitative analyses of the questionnaire data (III. A), and the following sub-section (III. B) a quantitative analyses of the interview findings.
A. Questionnaires and Analyses
The questionnaire given to participants contained questions as to their preferred outcome to the story: Whether or not the robot should tell the grandfather what the robot had been using it for, as well as their ratings of different reasons for the robot to divulge or not divulge this information, based on the categories from the previous THRI study [21] . These categories were:
The Grandson has a right to privacy It would ruin the surprise for the grandfather if he knew about the party The grandsons was doing something nice for the grandfather The robot belongs to the grandfather it should be loyal to him The grandson shouldn't lie to his grandfather The robot is not clever enough to decide on his own
The participants were invited to respond to the categories using 5-point Likert scales indicating agreement. Due to the small number of participants, the analysis below is primarily descriptive in nature. See Table 1 for agreement with whether or not the robot should disclose the grandson's actions to the grandfather. It indicates that the majority of both samples were in favour of disclosing the information to the grandfather, but that there was a minority in the resident group that were against this. 2) Agreement with reasoning The results from the items regarding reasoning for whether or not the robot should disclose the information is displayed in Table 2 and Figure 2 . Note, A low score in these questions indicated a high degree of agreement, and vice versa
1) Agreement with Information disclosure
The results from both residents and carers indicate that the residents were more likely to agree with all the statements when compared to the carers. Likewise, there were few differences between the types of reasoning, the only clear exception being the line of reasoning around the robot being required to act loyally towards its owner, which is the least liked line of reasoning for both groups.
3) Wanting a robot The participants were also asked whether or not they wanted a robot like the one presented in this play as well as whether or not they found the robot as presented within the narrative useful. In terms of usefulness, all of the participants, with the exception of one of the carers, stated that the robot was useful, and as Table 3 suggests, a large majority of the sample would want a robot like this. This uniformity of responses suggested that a subsequent follow-up interview, for qualitative exploration of how envisaged the use of such robots in the future.
B. Structured Interview and Analyses
A qualitative analysis of the opinions of some of the nursing home residents and nursing staff was performed approximately 12 weeks after the robot theatre visit. In total, three residents, all with learning disabilities and/or physical disabilities were interviewed. Three experienced registered nurses, who knew the residents well, were also interviewed after the residents had completed their interviews. All were interviewed in the dining room of the home which is an environment familiar to the nurses and residents and in which they felt comfortable. The interviews lasted approximately 15 -20 minutes each. A semi structured interviewing technique was used as the sole method of gathering the data. It is considered a reliable and flexible method [36] . This flexibility was of particular importance due to the nature of some of the disabilities that the three residents had. In-depth interviews should be personal and intimate encounters in which 'open, direct and detailed verbal questions are used to elicit detailed narratives and stories' [37] . Couchman and Dawson [38] considered that not only does this type of interviewing encourage participants to talk freely but also provides the option to obtain more information around certain topics. The interviewer usually maintains control over the questions, although when interviewing some residents with disabilities they may want to digress substantially from the essential nature of the original questions. Polit and Hungler [36] also considered that with this type of interview one receives an answer and also the reason for the answer.
All the interview data was written down by the interviewer at the time of the interview. This slowed and may have, in part impeded the interview process, but it was felt that writing the responses was less intimidating to both the residents and the nurses than using an audio recorder. Purposive sampling was used as this allows for specific people who are most knowledgeable around the subject to be selected [39] . This approach was adapted to encompass residents who could remember the visit of the robot theatre and were able to articulate their views. The nurses were those on duty the afternoon of the theatre visit.
Thematic content analysis, Emerging themes from the residents.
1) Acceptable boundaries for care by humans and robots.
One resident felt that the most important care for her from the robot was psychological care: "Make me feel No problems were identified and people were not frightened when the robot approached them: "The play showed that issues could be kept secret and that there was trust between the robot and the grandson".
E. Summary and Discussion
The 12 week period between the staff and residents seeing the play and answering the questions was probably too long. Photographs of the theatre visit were provided as an aide mémoire. These photographs were discussed with the interviewees but some memories were lost due to the time lag. The style and pacing of asking the questions to the residents was important as they all had a range of disabilities, which needed to be taken into consideration. Robots were considered to be useful, with some limitations, by both residents and staff. Their visit was remembered with pleasure and no sense of intimidation.
IV. CONCLUSION
The nursing staff and the residents both felt that using robots in an elderly care setting would be very beneficial when they further developed. Some current limitations were identified both technologically and in relation to acceptability for both residents and staff. The results from this final THRI study compared to the previous THRI studies provided an interesting observation: Whereas the younger participants stated they preferred to relate to a robot as a Pet or Servant (corresponding closely to the two embodiments used in the play, AIBO and Sunflower), surprisingly, the elderly residents mostly said they would prefer to relate to the companion as a Friend. The quantitative analyses indicated that loneliness and lack of company may be a problem for many residents in the home. It seems therefore that a companion that exhibited a range of social interactions and entertainment functions would be especially welcome to this demographic group. Future work needs to confirm and expand the finding of this article.
